Magnet Challenges - Technology & Affordability

Technical Requirements
Conceptual Approaches
Magnet R&D status in the U.S.
Heat Load Issues

Comments on costs
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Center of mass energy, E.qgy 0.1t03Te¥V 10 TeV 100 TeV 100 TeV
MC Collab. evolutionary evolutionary ultra-cold

Additional Description status report extrapolation extrapolation bheam etc.
collider physics par ameters: N o
luminosity, L[cm2s1] 8x1030 ~ 551034 1.0x1036 1.0x1036 1.0x1058
integrated L[fb'Yyr] 008 ~ 540 10000 10000 1.0x109
# of W = ee [eventsiyear] 6350 ~ 10 000 8700 & 87 8700
# of 100 GeV SM Higgsidetfyear 4000 ~ 6x105 1.4x10’ 2.1x10"7  2.1x10%
frac. CoM E spread, o/E[10-3]  0.02 ~ 1.1 0.42 - 0.08 0.07

collider ring param eters:

circumference, O?QE 035 ~ 6.0 15 100 100
ave. bending B field[T] 3.0 ~ 5.2 7.0 10.5 10.5
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Cammon Coil Design
(The.Original Concept
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Main Coils of the Common-Coil Design.




BNL Common Coils

* HTS coil (30 cm)
— tape

* Nb3Sn coils (1 m)
— tape

* NbTicoil (1 m)
— background field
— SSC cable
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FNAL High Field, Cos6

 Use lessons learned
In previous cos 9

magnets (mostly
NbTi)

* Brittle materials:

— wind & react vs react
& wind

— coil impregnation




Heat Loads

but results in factor 5 loss in
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CoM Energy  Shield Thickness Magnet Aperture| Magnet Heating | Cryogenic Power
(diameter) (at 4K) (wall plug)
0.1 Tev 28 mm 86 mm 3 kW 2MW 0.K.
4 Tev 54 mm 140 mm 50 kW . 35 MW 0.K.
10 Tev ~ ~60 mm 150 mm 135 kW 100 MW 2
100 Tev ~~80 mm 190 mm 900 kW 600 MW X
+ Heat load also results in high At
*  HTS might help somewhat |
* Low Field - ._.Bszammoz line magnet could solve heat load

0T)




Transmission Line Magnet

e

2-in-1 Warm-Iron
“Double-C” Magnet

Flux Return Extruded Aluminum
Beam Pipes with side
pumping chamber
75 kA Superconducting
Transmission Line Alternating-Gradient
Pole Tips (no Quadrupoles)
=»structure is continuous
in long lengths
KEY FEATURES:
Simple Cryogenic System , Structural Support Tube/
, CryoLineVacuum Jacket
Small Superconductor Usage 5
Small Cold Mass o
Low Heat Leak | Cryopipes for Ring-
. . Wide Distribution of
Continuous in Long Lengths Single-Phase Helium
No Quads or Spool Pieces

Warm Bore Vacuum System

Standard Construction Methods Current Return

G. William Foster June 99
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Cost Components of Production Dipole Magnets
Cost per magnet = $109,366

NGC Touch Labor
8%

NGC OH & Adm
29%

NGC Material
38%
NGC Eng &
Supvr
3%

BNL Material
22%
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Cost vs. Length Relative to RHIC Production Dipole Cost

for Several Coil Apertures
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Ratio of Cost per Tesla-Meter for Dipoles with Wider Cable

and Second Coil, Relative to RHIC Dipoles

— Single Layer Coil
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Relative Field
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Field Attainable, Relative to RHIC Dipdles, With Wider Cable
and Second Coil
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RHIC Project Cost Components

Start-Up
13%

Collider (magnet)

R&D 287%
8%
Detectors
19%
Collider (non-
magnet)
33%
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Affordability

* RHIC Dipoles 8cm, 10m, 4T, FY95 cost $110K each

* HEMC Dipole
- 8m-> 15em  50%
-4T-> 77 50%
- 10m -> 15m 40%
- FY95 -> FYO0O 15%

Estimate HEMC Dipole $400K or $26K/m based on RHIC

10 Tev needs 15km circumference -> magnet costs

~$400M. Ring costs = dipoles x 3(or4) = $1.2(6)B

(probably a lower bound since HEMC dipoles are
more complex than RHIC)




Sticker Shock

* LHC costs 2.4B sf. ~ $1.5B (European estimate)
Or

* LHC costs $1.5B materials + $3.08B labour (
10 years of CERN @ $300M per) + $1.5B
contingency + $1.5B indirect = $7.58 (U.S.
estimate)

+ Example SNS - $1.3B

- 16Gev Linac
- 1Gev storage ring

- 2-4 MW target




Conclusions

A 10 Tev machine based on Nb-Ti magnets (7T dipole) is
challenging but possible

A 100 Tev machine does not look feasible based on 10T
cosine theta dipoles

A different magnet design (no mid plane cryogenics) would
help

Newer technologies (Nb3Sn, HTS) would be beneficial
assuming that costs are reasonable and they work

Demanding technical environment + no obvious significant
cost reductions appears to preclude a 'cheap’ solution



